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ABSTRACT 


Mullerian  Inhibiting  Substance  (MIS)  is  a  member  of  the  TGFB  family,  a  class  of  molecules  that  govern  a  myriad  of 
cellular  processes  including  growth,  differentiation,  and  apoptosis.  In  male  embryos,  MIS  causes  regression  of  the 
Mullerian  duct.  We  have  recently  demonstrated  the  presence  of  MIS  receptors  in  mammary  tissue  and  in  breast  cancer 
cell  lines  suggesting  that  the  mammary  gland  is  a  likely  target  for  MIS.  MIS  inhibited  the  growth  of  both  ER  positive 
and  negative  breast  cancer  cells  by  inducing  cell  cycle  arrest  and  apoptosis.  We  have  demonstrated  that  MIS  promotes 
IFN-y-induced  apoptosis  demonstrating  a  functional  interaction  between  these  two  classes  of  signaling  molecules  in 
regulation  of  breast  cancer  breast  cancer  cell  growth.  To  evaluate  whether  MIS  and  IFN-y  may  be  useful  in  breast 
cancer  therapy,  we  determined  whether  the  growth  inhibitory  effect  of  MIS  and  IFN-y  observed  in  vitro  would  be 
recapitulated  in  vivo. 

The  C3(l)Tag  transgenic  mouse  model  carries  the  SV40  large  T  antigen  targeted  to  the  epithelium  of  the  mammary 
and  prostate  glands  and  progression  of  disease  in  these  animals  correlates  well  with  progressive  stages  of  human  breast 
cancer.  Mammary  tumors  arising  in  the  C3(l)  T  antigen  mouse  model  expressed  the  MIS  type  II  receptor,  and  MIS  in 
vitro  inhibited  the  growth  of  cells  derived  from  tumors.  Administration  of  MIS  to  mice  was  associated  with  a  lower 
number  of  palpable  mammary  tumors  compared  with  vehicle-treated  mice  (p=0.048),  and  the  mean  mammary  tumor 
weight  in  the  MIS-treated  group  was  significantly  lower  compared  with  the  control  group  (p=0.029).  Analysis  of 
PCNA  expression  and  caspase-3  cleavage  in  tumors  revealed  that  exposure  to  MIS  was  associated  with  decreased 
proliferation  and  increased  apoptosis,  respectively,  and  not  due  to  decline  in  T-antigen  expression.  The  effect  of  MIS 
on  tumor  growth  was  also  evaluated  on  xenografted  human  breast  cancer  cell  line  MDA-MB-468,  which  is  estrogen 
receptor  (ER)  and  Rb-negative  and  expresses  mutant  p53,  and  thus  complements  the  C3(l)Tag  mouse  mammary 
tumors  which  do  not  express  ER  and  have  functional  inactivation  of  Rb  and  p53.  In  agreement  with  results  observed  in 
the  transgenic  mice,  MIS  decreased  the  rate  of  MDA-MB-468  tumor  growth  and  the  gain  in  mean  tumor  volume  in 
SCID  mice  compared  to  vehicle  treated  controls  (p=0.004).  These  results  suggest  that  MIS  can  suppress  the  growth  of 
mammary  tumors  in  vivo. 

We  have  observed  that  MIS  improves  the  growth  inhibitory  effects  of  Interferon-gamma  on  breast  cancer  cell  lines  in 
vitro  by  augmenting  IFN-gamma  induced  gene  expression  and  apoptosis.  We  will  now  test  the  effect  of  IFNg  on  the 
growth  of  mammary  tumors  in  xenograft  and  C3SV40Tantigen  mouse  model.  Next,  we  will  test  whether  MIS  can 
improve  the  growth  inhibitory  effects  of  IFN-gamma  in  these  mouse  models.  Thus,  this  study  indicates  the  possibility 
of  using  MIS  independently  or  in  combination  with  IFN-gamma  as  an  alternative  therapy  for  the  breast  cancer  cure. 
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Introduction: 

Mullerian  Inhibiting  Substance  (MIS)  is  a  member  of  the  TGFB  family,  a  class  of 
molecules  that  govern  a  myriad  of  cellular  processes  including  growth,  differentiation,  and 
apoptosis.  However,  a  postnatal  role  for  MIS  in  males  and  females  has  yet  to  be  defined.  MIS 
inhibits  breast  cancer  cell  growth  by  interfering  with  cell  cycle  progression  and  inducing 
apoptosis.  We  recently  demonstrated  the  presence  of  MIS  receptors  in  mammary  tissue  and 
in  breast  cancer  cell  lines  suggesting  that  the  mammary  gland  is  a  likely  target  for  MIS  (1).  In 
the  rat  mammary  gland,  expression  of  the  MIS  type  II  receptor  is  suppressed  during  puberty 
when  the  ductal  system  branches  and  invades  the  adipose  stroma  and  during  massive 
expansion  at  pregnancy  and  lactation,  but  is  upregulated  during  involution,  a  time  of  tissue 
regression  (2,3).  The  decline  in  MIS  type  II  receptor  expression  during  various  stages  of 
postnatal  mammary  growth  suggested  a  growth  suppressive  role  for  MIS  in  the  mammary 
gland. 

Interferon  regulatory  factor- 1  (IRF-1),  a  gene  known  for  its  growth  inhibitory 
functions  in  breast  cancer  cells  is  induced  by  MIS  and  IFN-y  through  a  NFkB  and  STAT 
pathway  respectively.  Treatment  of  breast  cancer  cells  with  MIS  and  interferon-y  (IFN-y)  co¬ 
stimulated  the  expression  of  IRF-1  and  CEACAM1,  a  target  gene  of  IRF1.  A  combination  of 
IFN-y  and  MIS  inhibited  the  growth  of  breast  cancer  cells  to  a  greater  extent  than  either  one 
alone  as  assessed  by  MTT  assay.  Both  reagents  significantly  decreased  the  fraction  of  cells  in 
the  S-phase  of  the  cell  cycle,  an  effect  not  enhanced  when  they  were  used  in  combination. 
Thus  the  enhanced  inhibition  of  breast  cancer  cell  growth  by  MIS  and  IFN-y  could  not  be 
explained  by  combined  changes  in  cell  cycle  progression  compared  to  treatment  with  either 
agent  alone  (4). 

In  the  present  report  we  demonstrate  that  MIS  promotes  IFN-y-induced  apoptosis 
demonstrating  a  functional  interaction  between  these  two  classes  of  signaling  molecules  in 
regulation  of  breast  cancer  cell  growth.  To  evaluate  whether  MIS  and  IFN-y  may  be  useful  in 
breast  cancer  therapy,  we  determined  whether  the  growth  inhibitory  effect  of  MIS  and  IFN-y 
observed  in  vitro  would  be  recapitulated  in  vivo.  Assaying  the  effect  of  MIS  on  mammary 
tumor  models  in  vivo  is  critical  to  determine  whether  MIS  could  act  as  an  anti-tumor  agent. 
We  have  developed  human  breast  cancer  xenografts  in  SCID  mice  using  MDA-MB-468  cells 
and  demonstrated  that  MIS  when  injected  intraperitoneally  can  inhibit  the  growth  of  these 
breast  cancer  xenografts  in  mice.  Using  a  C3(l)Tag  mouse  model,  which  carries  the  SV40 
large  T  antigen  targeted  to  the  epithelium  of  the  mammary  and  prostate  glands  and  develops 
spontaneous  mammary  tumors,  we  have  observed  that  mean  mammary  tumor  weight  and 
growth  of  tumors  in  MIS  treated  animals  to  be  significantly  lower  than  the  vehicle  treated 
controls.  Analysis  of  PCNA  expression  and  caspase-3  cleavage  in  tumors  revealed  that 
exposure  to  MIS  was  associated  with  decreased  proliferation  and  increased  apoptosis, 
respectively,  and  not  due  to  decline  in  T-antigen  expression. 

In  the  future  we  will  be  testing  the  effect  of  various  doses  of  IFN-y  on  the  progression 
of  breast  cancer  in  these  mouse  models.  Once  optimal  doses  are  determined,  we  will  test  if 
MIS  can  improve  the  anti  tumor  effects  of  IFN-y  in  vivo. 


BODY  (Results  and  Significance) 


Specific  Aim  I:  Characterization  of  the  molecular  mechanism  that  integrates  IFN-y  and  MIS 
mediated  signaling  (12  months) 

Task  1:  To  identify  the  molecular  mechanism  by  which  MIS  and  IFN-y  induce  IRF-1 
expression  in  breast  cancer  cells  (Completed) 

Task  2:  To  determine  if  MIS  mediated  activation  of  IRF-1  occurs  via  the  Smad  pathway 
(Completed) 

Task  3:  To  test  the  effect  of  MIS  and  IFN-y  on  the  gene  expression  of  growth  regulatory 
genes  (In  Progress) 


MIS  and  IFN-y  induce  the  expression  of  p21,  Lysyl  Oxidae  and  MHC  classll 

Lysyl  Oxidase  a  target  of  IRF1  with  an  IRF1  response  element  in  its  promoter  (5). 
IFN-y  (lng/ml)  induced  the  expression  of  lysyl  oxidae  in  T47D  cells  treated  for  2  and  3  hours 
(Fig.  la).  Treatment  of  T47D  cells  with  MIS  upregulated  mRNA  expression  of  Lysyl  oxidase 
with  maximum  induction  at  24hrs  (Fig. lb).  We  will  analyse  if  treatment  of  cells  with  both 
MIS  and  IFN-y  will  further  affect  the  expression  of  lysyl  oxidase. 


the  expression  of  Lysyl  oxdase,  p21  and  MHC  classll  in 
Fig.  lb 

MIS(hr)  0  1  2  3  6  24 


Fig.  1  IFN-y  and  MIS  stimulate 
T47D  cells 

Fig.  la 

IFN-g(hr)0  12  3  6 


Fig. la  T47D  cells  were  treated  with 
IFNg(lng/ml)  for  0-6  hrs.  Total  RNA  was  tested 
for  the  expression  of  Lysyl  oxidase. 


Lysyl  oxidase 


Fig. lb  T47D  cells  were  treated  with  MIS(5ug/ml)  for  0-24 
hrs.Total  RNA  was  tested  for  the  expression  of  Lysyl  oxi¬ 
dase. 


IRF1  can  inhibit  tumor  growth  through  the  induction  of  p21,  a  growth  inhibitory  gene 
(6  ).  We  observed  that  both  MIS  and  IFN-y  induce  p21  expression  in  T47D  cells  as  observed 
by  Western  blot  analysis  but  the  expression  was  not  further  affected  when  cells  were  treated 
with  a  combination  of  MIS  and  IFN-y  for  4hrs  (Fig.  lc). 

MHC  classll,  another  gene  downstream  of  IRF1  was  upregulated  by  IFN-y  (7).  T47D 
cells  when  treated  for  48hrs  with  MIS  and  IFN-y  demonstrated  a  synergistic  induction  of 
MHCII  mRNA  (Fig.  Id). 

Thus,  we  have  observed  that  MIS  and  IFN-y  costimulate  the  expression  of  IRF1  with 
a  synergistic  induction  of  the  downstream  genes  CEACAM1  and  MHCII  in  breast  cancer 
cells. 


Fig.  lc 


Fig.  Id 


MIS 

0  2  4 


IFNg  MIS+  IFNg 
2  4  2  4 


p21 


Untreated  MIS  IFNg  MIS+IFNg 


MHCII 


Fig.lc.  Expression  of  p21  in  T47D  cells  treated  with  IFN- 
g(  5ng/ml)  and  MIS  (5ug/ml)  for  2  and  4  hrs  as  assessed  by 
Western  blot  analysis 


Fig.  Id.  Expression  of  MHCII  in  T47D  cells 
treated  with  IFN-g(  5ng/ml)  and  MIS  (5ug/ml) 
for  48  hrs  as  assessed  by  Northern  blot  analysis 


Specific  Aim  II:  Test  the  effect  of  MIS,  IFN-y,  or  both  on  breast  cancer  cell  growth  using  in 
vitro  and  in  vivo  model  systems  (24  months) 

Task  4:  To  characterize  the  mechanism  by  which  MIS  and  IFN-y  inhibit  breast  cancer  cell 
growth  (completed) 

Effect  of  MIS  and  IFN-y  on  activated  caspase-3 

Both  MIS  and  IFN-y  increased  the  cleaved  caspase3,  an  apoptosis  marker  in  MDA-MB-468 
cells  with  an  increase  in  the  activated/  cleaved  caspase3  when  cells  were  treated  in 
combination  with  MIS  and  IFN-y  for  3  days  as  demonstrated  by  Western  blot  analysis  in  fig 
2a. 


Effect  of  MIS  and  IFN-y  on  breast  cancer  cell  growth 

Translocation  of  annexinV  from  the  inner  surface  of  the  plasma  membrane  to  the 
outside  occurs  after  initiation  of  apoptosis  and  thus  serves  as  a  marker  of  apoptosis.  MDA- 
MB-468  cells  were  treated  with  MIS,  IFN-y  or  MIS+IFN-y  for  96  hours  and  cell  surface 
expression  of  annexinV  was  analyzed  by  staining  cells  with  a  FITC-annexinV  antibody. 
Quantification  of  annexinV  positive  cells  demonstrated  that  IFN-y  is  a  strong  inducer  of 
apoptosis  in  breast  cancer  cells  (figure  2b).  MIS  consistently  increased  apoptosis  in  several 
experiments  but  its  effect  was  much  less  potent  than  that  of  IFN-y  at  the  concentration  tested. 
However,  treatment  of  cells  with  a  combination  of  MIS+IFN-y  together  resulted  in  a 
synergistic  increase  in  the  fraction  of  cells  in  early  and  late  stages  of  apoptosis.  Thus  growth 
inhibition  of  MDA-MB-468  cells  following  co-treatment  with  MIS  and  IFN-y  results  from 
enhanced  apoptosis. 

Fig.  2a  Fig.  2b 

Untreated  IFNg  MIS  MIS+IFNg 


Fig.  2a  MDAMB468  cells  were  treated  with 
MIS(5ug/ml)  and  IFN-Y(5ng/ml)  for  3  days.  Acti¬ 
vated  caspase3  was  assessed  using  Western  blot 
analysis. 


Fig.  2b  MDA-MB-468  cells  were  treated  with 
5ng/ml  IFNg  or  5ug/ml  MIS  or  both  for  96  hrs.  Cells 
were  stained  with  annexinV-FITC  and  DAPI  and 
analysed  by  FACS.  Percentage  of  cells  undergoing 
apoptosis  is  shown.  Statistical  analysis  was  done 
using  ANOVA. 


Early+  Late  Stage  apoptosis  (Zones  B+  C) 
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Thus,  we  have  observed  that  a  combination  of  MIS  and  IFN-y  led  to  a  greater  degree  of 
growth  inhibition  compared  with  either  agent  alone  due  to  enhanced  apoptosis  rather  than  a 
combinatorial  effect  on  cell  cycle  progression. 

Task  5:  To  test  the  growth  inhibitory  effect  of  MIS  and  IFN-y  in  vivo,  breast  cancer  cells 
will  be  injected  under  the  mammary  fat  pad  of  SCID,  RAG-2  knock  out  and  irradiated  nude 
mice.  The  mouse  model  in  which  tumor  growth  is  most  robust  will  be  selected  for  further 
studies  (completed). 

Establish  xenografts  in  nude  mice 

In  order  to  consider  the  use  of  rhMIS  for  the  treatment  of  human  breast  cancer,  it  will 
be  necessary  to  assess  the  responsiveness  of  tumor  growth  in  vivo  to  IFN-y  and  MIS. 
OVCAR-8  human  ovarian  cancer  cell  line  grows  best  in  both  nude  mice  and  in  RAG-2 
knockout  mice,  while  IGROV-1  cells  grew  well  only  in  SCID  mice  (Drs.  Patricia  Donahoe 
and  David  McLaughlin;  personal  communication). 

We  used  ER  negative  breast  cancer  cell  line  MDA-MB-468  cells  to  establish  human 
xenografts  in  the  irradiated  nude  mice.  The  MDA-MB-468  cells  are  ER  negative,  Rb 
negative,  harbor  a  mutant  p53  and  are  highly  responsive  to  MIS  and  rhuIFN-y  treatment  in 
vitro.  For  this,  MDA-MB-468  (4  million  cells/  site)  were  injected  subcutaneously  in  the 
mammary  fat  pad  of  nude  mice.  Palpable  tumors  appeared  but  had  severe  necrosis  and  thus 
were  not  suitable  for  further  treatment.  Next,  the  xenografts  established  in  these  animals  were 
divided  into  smaller  fragments  and  tumor  fragments  of  equal  sizes  were  placed  in  the  4  week 
old  SCID  mice.  But  the  xenografts  established  had  extensive  necrosis  and  thus  this  animal 
model  was  not  used  further. 

Establish  xenografts  in  SCID  mice 

Next,  MDA-MB-468  xenografts  were  established  by  bilaterally  injecting  4x1 06 
cells/site  in  50pl  of  DMEM  subcutaneously  into  the  dorsal  flanks  of  ten,  6-week  old  female 
SCID  mice.  Tumors  appeared  within  one  week  of  injections  and  did  not  demonstrate  central 
necrosis.  Palpable  tumors  were  observed  in  8  of  10  animals.  Mice  were  ear-tagged  to  monitor 
the  kinetics  of  tumor  growth  at  each  site.  Four  weeks  after  the  injection  of  cells,  animals  with 
tumors  >  250mm3  were  randomly  divided  into  treatment  groups.  Thus,  the  SCID  animals 
with  MDA-MB-468  xenografts  established  on  the  dorsal  flanks  were  used  for  further  studies. 

Spontaneously  arising  mammary  tumors  in  mice 

In  addition  to  the  human  breast  cancer  xenograft  model  described  above,  we  have 
also  obtained  a  novel  transgenic  mouse  model  for  spontaneous  mammary  carcinoma  from 
Dr.  Jeffrey  Green  at  NIH,  in  which  targeted  expression  of  the  early  region  of  the  SV40  large 
tumor  Ag  was  achieved  using  the  promoter  of  the  rat  prostatic  steroid  binding  protein. 
Mammary  tumors  in  this  model  occur  in  100%  of  mice  with  very  early  onset.  Atypia  of  the 
mammary  gland  develops  at  ~8  weeks  progressing  to  intraepithelial  neoplasia  resembling 
human  DCIS  at  ~12  weeks  with  development  of  invasive  carcinomas  at  about  -16-24  weeks. 
It  has  also  been  utilized  in  several  studies  to  test  novel  therapeutic  strategies  on  various 


stages  of  tumor  progression  (9).  These  tumors  are  ER  negative  and  have  functionally  inactive 
p53  and  Rb  and  thus  complement  MDA-MB-468  xenografts  in  SCID  mice  (10). 

Task  6:  Determining  the  dose  of  MIS  and  IFN-y  required  for  tumor  regression  studies 
(completed). 

In  order  to  investigate  the  pharmacokinetics  of  rhuIFN-y,  two  female  SCID  mice  were 
injected  intraperitoneally  with  a  single  dose  of  1  pg  rhuIFN-y  and  blood  samples  were  drawn 
from  the  orbital  plexus  under  anesthesia  at  30  min,  lh,  3h,  6  h  and  24  hours.  Each  animal  was 
sampled  three  times  (one  animal  at  0,  3h  and  24h  and  the  other  at  1  h,  6h  and  24  h).  Serum 
was  prepared  and  analyzed  by  ELISA.  Another  2  SCID  mice  were  simultaneously  injected 
once  with  1  Opg  of  rhuIFN-y  and  blood  was  drawn  at  the  times  indicated  above.  Serum 
rhuIFN-y  concentrations,  estimated  based  on  a  standard  concentration  curve,  increased  in 
proportion  to  the  dose,  peaked  at  ~  1-3  hours  and  was  undetectable  at  24  hours  (Table  1). 
Serum  of  animals  injected  with  10  and  100  ng  rhuIFN-y  once  intraperitoneally  had 
undetectable  levels  of  rhuIFN-y  6-24  hrs  after  injection.  Although,  rhuIFN-y  as  high  as  lOpg 
injected  once  intraperitoneally  did  not  cause  any  harmful  effects  to  the  animals  but  because 
of  the  known  toxic  effects  of  IFN-y,  10-100ng  rhuIFN-y  will  be  injected  intraperitoneally  to 
these  animals  5  days  a  week  for  4  weeks. _ 


Table  1 

Inteferon-gamma  1  pg  10  pg 

time  (h)  Cone  in  serum  (ng/ml) 

0 

0 

0 

0.5 

8.68 

59 

1 

16.38 

51.75 

3 

0.28 

137.7 

6 

0.34 

5  1.24 

24 

undetectable 

undetectable 

Fluman  and  mouse  interferon-y  proteins  share  41%  sequence  homology  and  are  species 
specific  (13,  14).  Thus  mouse  IFN-y  (mIFN-y;  R  &  D  systems)  will  be  used  to  inject  C3SV40 
Tantigen  mouse. 

Previously,  we  have  observed  that  lOpg  rhMIS/  animal  inhibits  the  growth  of  human 
ovarian  cancer  cell  xenografts  grown  in  nude  mice  (Drs.  Patricia  Donahoe  and  David 
McLaughlin;  personal  communication).  Since,  this  dose  had  no  harmful  effects  on  animals 
and  in  order  to  further  improve  its  anti-tumor  effects  we  have  injected  20  pg  rhMIS/  animal 
intraperitoneally  for  5  days  a  week  with  two  treatment  free  days/  for  4  weeks. 

Task  7:  Once  optimal  dosages  are  estimated,  animals  with  established  tumors  will  be  divided 
into  four  groups  to  administer  (1)  vehicle,  (2)  MIS,  (3)  IFN-y  and  (4)  MIS  +  IFN-y.  Serum 
MIS  and  IFN-y  concentration  will  be  measured  by  ELISA.  The  tumor  size  will  be  measured 
by  using  calipers  (In  progress). 


A)  Effect  of  MIS  on  MDA-MD-468  tumor  growth  in  SCID  mice 


MBA-MD-468  xenografts  were  grown  subcutaneously  and  bilaterally  in  the  dorsal 
flanks  of  6-week  old  female  SCID  mice.  After  ~4  weeks,  the  8  animals  with  palpable  tumors 
were  randomized  into  two  groups  with  4  animals  in  the  PBS  control  group  and  4  mice  in  the 
MIS-treatment  group.  Both  groups  were  treated  at  the  same  time  with  either  PBS  or  20  jig 
MIS/animal  for  5  days  a  week  with  a  treatment  free  interval  of  two  days  for  4  weeks.  Volume 
was  calculated  as  LxW2  [length=L  and  width=W]  at  regular  intervals.  The  rate  of  mean 
volume  gain  of  tumors  belonging  to  the  PBS-  and  MIS-treated  groups  was  calculated  to  be 
455  mm3/day  and  269  mm3/day  respectively.  The  gain  in  tumor  volume  over  the  course  of 
treatment  calculated  as  volume  at  the  end  of  treatment-volume  at  the  beginning  of 
treatment/volume  at  the  beginning  of  treatment,  was  higher  in  the  PBS  group  than  in  the  MIS 
group  (figure  3;  p=0.004  by  two-tailed  student’s  t-test. 

Fig.3  Effect  of  MIS  on  MDA-MB-468  tumor  growth  in 
SCID  mice 


PBS  MIS 


Fig.  3.  MDA-MB-468  tumor  xenografts  were  estab¬ 
lished  in  SCID  mice  and  animals  with  palpable 
tumors  were  treated  with  PBS  or  MIS  and  tumor  vol¬ 
umes  were  measured  using  calipers 

B)  MIS  inhibits  the  growth  of  spontaneously  arising  mammary  tumors  in  C3(l)  Tag 
mice  in  vivo 

Two  groups  of  10-week  old  mice  were  injected  with  either  PBS  or  20/* g  of  MIS  daily 
for  5  days  with  2  days  of  treatment  free  interval  for  6  cycles.  The  PBS  and  the  MIS  injected 
group  consisted  of  13  and  12  mice  respectively.  Externally  palpable  tumors  were  not 
observed  in  any  of  the  animals  at  the  commencement  of  treatment. 

During  the  course  of  treatment,  10  animals  in  the  PBS  treated  group  and  6  animals  in 
the  MIS  injected  group  developed  externally  palpable  tumors.  Of  the  10  animals  that 
developed  palpable  tumors  in  the  PBS  injected  group,  7  presented  with  tumors  on  day  28, 
one  on  day  32,  one  on  day  37  and  another  on  day  42  of  treatment.  Upon  sacrifice,  an 
additional  two  animals  in  this  group  were  found  to  have  measurable  tumors  in  their 
mammary  gland.  In  the  MIS  treated  group,  2  animals  presented  with  externally  palpable 
tumors  on  day  28  of  treatment,  1  on  day  32  and  an  additional  3  animals  presented  with 
tumors  on  day  42.  Interestingly  the  animals  in  this  group,  which  did  not  present  with 


externally  palpable  tumors,  did  not  have  any  large  tumor  masses  upon  sacrifice.  These  results 
indicate  that  by  42  days  of  treatment,  MIS  exposure  is  associated  with  animals  having  fewer 
palpable  tumors  (figure  4a;  p<0.048  by  one  sided  Fisher’s  Exact  test). 

At  the  end  of  the  experiment,  animals  were  sacrificed  and  tumors  were  excised  and 
weighed.  The  tumor  weights  in  the  PBS-treated  control  animals  ranged  from  0.08-4.63  mg 
with  a  mean  tumor  weight  of  0.7 1  mg  and  a  median  of  0.38  mg.  The  tumor  weights  in  the 
MIS  treated  animals  ranged  from  0.07-0.64  mg  with  a  mean  weight  of  0.16  mg  and  a  median 
of  0.10  mg.  The  lowest  tumor  (0.07  mg)  in  this  group  represents  the  total  weight  of 
micronodules  of  tumor  that  could  not  be  excised  free  of  normal  tissue.  The  mean  tumor 
weight  in  animals  was  significantly  lower  in  the  MIS-treated  group  compared  to  controls 
(figure  4b;  p-0.029  by  Kruskal- Wallis  test).  To  ensure  that  the  decrease  in  tumor  growth  in 
the  MIS-treated  animals  was  not  due  to  suppression  of  SV40  T  antigen  in  tumors,  tumor 
samples  from  PBS  and  MIS  treated  mice  were  analyzed  by  western  blot.  As  demonstrated  in 
figure  4c,  MIS  treatment  did  not  alter  the  expression  of  SV40  T  antigen  in  tumors. 


Fig.  4  Effect  of  MIS  on  the  growth  of  spontaneously  arising  mammary  tumors  in  C3(l) 
Tag  mice  in  vivo 


Fig.  4a.  Ten  week  old  C3(l)Tag  mice  were  injected  with  either  PBS  or  MIS  and  animals  were  monitored  for  pal¬ 
pable  tumor.  The  graph  shows  the  percentage  of  animals  with  measurable  tumors  in  each  group  vs  the  days  of 
treatment. 

Fig.  4b.  At  the  end  of  experiment,  animals  were  sacrificed,  tumors  excised  and  weighed.  The  graph  graph  gives 
mean  tumor  weight  per  animal. 


Fig.  4c 
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Fig.  4c  Proteins  extracted  from  tumors  in  PBS  and  MIS 
treated  animals  were  immunoblotted  with  an  anti 
SV40Tag  antibody 


C)  Effect  of  IFN-y  on  the  growth  of  mammary  tumors  in  C3SV40Tantigen  animals  and 
xenografts  established  in  SCID  animals  (In  progress). 

D)  To  test  if  MIS  and  IFN-y  can  inhibit  the  breast  tumor  growth  better  than  MIS  or 
IFN-y  alone  in  vivo  (In  progress) 
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Task  8:  The  tumors  will  be  tested  histopathologically  to  evaluate  the  histology  of  grafts  (In 
progress). 


Both  PBS  and  MIS-treated  animals  with  grossly  palpable  tumors  had  well  developed 
invasive  adenocarcinomas  (Fig.  5A).  Histological  evaluation  of  tissues  demonstrated  that  the 
mammary  glands  of  MIS-treated  animals  that  did  not  have  externally  palpable  tumors  had 
nodular  atypical  hyperplasia  and  mammary  intraepithelial  neoplasia,  in  which  neoplastic 
cells  filled  the  lumens  of  the  duct,  but  did  not  present  with  invasive  carcinomas  (Fig.  5b). 

Fig.  5.  MIS  decreases  proliferation  and  increases  apoptosis  in  mammary  tumors 


Fig.  5a  Histological  analysis  of  the  mammary  tumors  excised  from  the  MIS  and  PBS  treated  animals 

Fig.  5b  Histological  analysis  of  the  mammary  gland  of  MIS  treated  mice,  which  did  not  present  with  palpable 

tumors 

MIS  suppresses  proliferation  in  mammary  tumors  in  vivo 

In  order  to  determine  whether  suppression/delay  in  mammary  tumors  observed  in 
MIS-treated  mice  was  due  to  decreased  proliferation  and/or  increased  apoptosis  compared 
with  that  observed  in  PBS-treated  controls,  tumors  were  stained  with  antibodies  against 
PCNA,  a  marker  of  proliferation,  and  cleaved  caspase-3,  a  marker  of  early  stage  apoptosis. 
The  extent  of  PCNA  staining  in  the  mammary  adenocarcinomas  resected  from  PBS-treated 
animals  was  uniform  through  out  the  tumors  while  the  MIS-treated  adenocarcinomas 
demonstrated  PCNA  positive  regions  interspersed  with  PCNA  negative  patches  (figure  5c). 
The  nodular  atypical  hyperplasia  and  mammary  intraepithelial  neoplasia  in  the  mammary 
glands  of  MIS-treated  mice  also  demonstrated  patchy  PCNA  staining.  These  results  indicate 
that  mammary  tumors  exposed  to  MIS  undergo  less  proliferation  compared  to  those  in  PBS- 
treated  controls. 


MIS  induces  apoptosis  in  mammary  tumors  in  vivo 

Staining  the  tumors  for  activated  caspase-3,  revealed  a  marked  increase  in  the  number 
of  apoptotic  cells  in  the  MIS  treated  tumors  compared  to  PBS  injected  controls  (figure  5d) 
suggesting  that  exposure  to  MIS  induces  apoptosis  in  the  mammary  tumors  in  vivo.  The 
growth  inhibitory  effects  of  MIS  could  be  beneficial  in  the  treatment/prevention  of  these 
hormone  refractory  mammary  tumors,  especially  since  high  levels  of  MIS  have  not  shown 
any  harmful  effects  in  humans  (11),  and  the  serum  levels  used  here  are  well  below  those 
sustained  in  normal  healthy  postnatal  to  prepubertal  boys  (12). 


Fig.5c 
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Fig.5d 


Fig.  5c.Immunohistochemical  expression  of  PCNA  (anti  PCNA  antibody  from  Zymed  lab.)  in  tumors  resected  from 
PBS  and  MIS  treated  mice.  A  representative  tumor  from  each  group  is  shown 

Fig.  5d.  Caspase3  cleavage  in  PBS  and  MIS  treated  tumors  as  assessed  immunohistochemically  in  tumors  from  PBS 
and  MIS  treated  mice  using  anti  caspase3  antibody  from  Cell  Signalling.  A  representative  tumor  from  each  group  is 
shown 


We  have  already  established  that  MIS  can  inhibit  the  growth  inhibitory  effects  of 
IFN-y  in  vitro.  To  recapitulate  the  in  vitro  findings  to  in  vivo  conditions,  we  have  already 
demonstrated  that  MIS  can  suppress  the  growth  of  spontaneously  arising  mouse  mammary 
tumors  and  established  human  breast  cancer  xenografts  in  immune  competent  and  immune 
compromised  mice,  respectively.  I  am  now  working  on  the  effect  of  IFN-y  on  breast  cancer 
growth  in  these  mouse  models,  for  which  I  am  using  different  doses  of  IFN-y  and  testing  the 
mammary  tumors  growth.  The  experiments  are  being  carried  out,  following  which  these 
mouse  models  will  be  used  to  test  the  combined  effect  of  MIS  and  IFN-y  on  the  tumor 
regression. 

Key  Accomplishments: 

MIS  and  IFN-y  induce  the  expression  of  p21,  Lysyl  Oxidae  and  MHCII.  MIS  and 
IFN-y  costimulate  the  expression  of  IRF1  with  a  synergistic  induction  of  the 
downstream  genes  CEACAM1  and  MHCII  in  breast  cancer  cells. 

MIS  and  IFN-y  co-stimulate  the  expression  of  activated  caspase3,  an  apoptosis 
marker  in  MDA-MB-468  cells. 

MIS  and  IFN-y  together  resulted  in  a  synergistic  increase  in  the  fraction  of  cells  in 
early  and  late  stages  of  apoptosis  as  observed  by  enhanced  translocation  of  annexinV 
from  the  inner  surface  of  the  plasma  membrane  to  the  outside,  which  occurs  after 
initiation  of  apoptosis. 

To  test  the  growth  inhibitory  effect  of  MIS  and  IFN-y  in  vivo,  MDA-MB-468 
xenografts  were  established  by  bilaterally  injecting  4xl06  cells/site  in  50/d  of  DMEM 
subcutaneously  onto  the  dorsal  flanks  of  SCID  mice. 

For  in  vivo  experiments,  IFN-y  and  MIS  doses  are  determined.  Although,  rhuIFN-y  as 


high  as  10pg  did  not  cause  any  harmful  effects  to  the  animals  but  because  of  the 
known  toxic  effects  of  IFN-y,  10-  lOOng  rhuIFN-y  will  be  injected  intraperitoneally  to 
the  SCID  animals  and  mIFN-y  to  C3SV40Tantigen  mice,  5  days  a  week  with  two 
treatment  free  days/  for  4  weeks. 

MIS  treatment  (20  ug/  animal  for  5  days  a  week  with  two  treatment  free  days/  for  4 
weeks)  decreased  the  rate  of  mean  volume  gain  of  tumors  established  as  xenografts  in 
SCID  mice  as  compared  to  vehicle  treated  group 

Administration  of  MIS  to  C(3)SV40Tantigen  mice  with  spontaneous  mammary 
tumors  was  associated  with  a  lower  number  of  palpable  mammary  tumors  compared 
with  vehicle-treated  mice,  and  the  mean  mammary  tumor  weight  in  the  MIS-treated 
group  was  significantly  lower  compared  with  the  control  group. 

Analysis  of  PCNA  expression  and  caspase-3  cleavage  in  tumors  revealed  that 
exposure  to  MIS  was  associated  with  decreased  proliferation  and  increased  apoptosis, 
respectively,  and  not  due  to  decline  in  T-antigen  expression. 

Currently,  I  am  working  on  the  effect  of  IFN-y  on  breast  cancer  growth  in  the 
C(3)SV40  Tantigen  mouse  and  in  SCID  mouse  with  MDA-MB-468  xenografts.  I  am  testing 
the  effect  of  different  doses  of  IFN-y  on  the  mammary  tumor  growth.  The  experiments  are 
being  carried  out,  following  which  these  mouse  models  will  be  used  to  test  the  combined 
effect  of  MIS  and  IFN-y  on  the  tumor  regression. 

Reportable  outcomes: 

Publications: 

Gupta  V,  Carey  JL,  Kawakubo  H,  Muzikansky  A,  Green  JE,  Donahoe  PK,  Maclaughlin  DT, 
Maheswaran  S.  Mullerian  inhibiting  substance  suppresses  tumor  growth  in  the  C3(1)T 
antigen  transgenic  mouse  mammary  carcinoma  model.  Proc.  Natl.  Acad.  Sci  USA,  2005, 
102:  3219-3224. 

Presentations: 

Gupta  V,  Carey  JL,  Kawakubo  H,  Muzikansky  A,  Green  JE,  Donahoe  PK,  Maclaughlin  DT, 
Maheswaran  S.  Mullerian  inhibiting  substance  suppresses  tumor  growth  in  the  C3(1)T 
antigen  transgenic  mouse  mammary  carcinoma  model.  Era  of  Hope,  June  8-  11,  2005, 
Philadelphia  Convention  Center,  Philadelphia. 

Conclusions: 

1 .  MIS  and  IFN-y  induce  the  expression  of  p21 ,  Lysyl  Oxidae  and  MHC  classll  with  a 
synergistic  increase  in  MHC  class  II  mRNA  expression. 

2.  MIS  and  IFN-y  together  resulted  in  a  synergistic  increase  in  the  fraction  of  cells 
undergoing  apoptosis. 

3.  MDA-MB-468  cells  grow  robustly  as  xenografts  in  SCID  mice  when  injected  as 
4xl06  cells/site  in  50/d  of  DMEM  subcutaneously  onto  the  dorsal  flanks. 

4.  MIS  treatment  decreased  the  rate  of  mean  volume  gain  of  tumors  established  as 
xenografts  in  SCID  mice  as  compared  to  vehicle  treated  group. 


5.  Administration  of  MIS  to  C(3)SV40Tantigen  mice  with  spontaneous  mammary 
tumors  was  associated  with  a  lower  number  of  palpable  mammary  tumors  and  the 
mean  mammary  tumor  weight  as  compared  with  the  control  group. 

6.  Analysis  of  PCNA  expression  and  caspase-3  cleavage  in  tumors  revealed  that 
exposure  to  MIS  was  associated  with  decreased  proliferation  and  increased  apoptosis, 
respectively,  and  not  due  to  decline  in  T-antigen  expression. 
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Mullerian  inhibiting  substance  suppresses  tumor 
growth  in  the  C3{1)T  antigen  transgenic  mouse 
mammary  carcinoma  model 
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MuSterlan  teMbiting  substance  IMIS)  inhibits  breast  cancer  cell 
growth  m  vitro..  To  extend-  the  use  of  MIS  to  treat  breast  cancer,  it 
fa  essential  to  test  the  responsiveness  of  mammary  tumor  growth 
to  MIS  in  viva.  Mammary  tumors  arising  in  the  0(1}  T  antigen 

mouse  model  expressed  the  MIS  fiyps  $  receptor.,  and  MIS  m  wf.ro 
fcihrbitad  the  growth  of  cells  derived  from  tumors.  Administration 
of  foils  to  m k&  was  associated  with  a  lower  number  of  palpable 
mammary  tumors  compared  with  vehicle” treated  mice  (A  -  &34S1. 
®nd  the  mean  mammary  tumor  wei-gbl  in  Hie  MtS^tr-eated  group 
was  slgrJIicantly  lower  compared  with  the  centre!  group  (P  ~ 
0,1329).  Analysis  of  proliferating  eel  -nuclear  antigen  (PCMA)  expres¬ 
sion  and  caspasc-3  deavag*  in  tumors  revealed  that  exp mwe  to 

bm  wm  asmtatod  whlh  ctarewtcl  pfdRfera&Hi  a«d  IactimhmmI 
n&pmh'fttyi  $r4  was  mi  caused  by  a.  d*c!te*  In  T 
mtk{.m  *igsm*ku%  TIms  eftect  of  MIS  m  tomKtf  growlh  was  also 
twatofltetfiM  wnogratfted  liama**  t#*ea-st  oncer  «*I  Ike  MGA-MB- 
45?,.  which  is  esirogftn  rtctsrio*-  m4  ^tkoblMtom^-R'&iiallve  and 
«xprt*s***iwtan$  p53,  m4  flws  copptewrfo  tfis  C3(?)tB9  mmm 
ra^mmairy  tumors  that  do  riot  *x|ir^s  e$$roge*t  receptor  have 

functional  fetedtattion  of  rotMNUistoin*  *i*tf  p%^-.  In  agreement 
with-  ntifH  observed  tr*  the  trmsgct^c  «*!»»  MtS  decreased  the 
me  of  W0A-MSM&8  tumor  growth  arid  the  gpdn  In  moors  tusiw* 
w*wmfc  tewvw*  combined  ki^i^odefident  mk%  cornered  wfth 
vehlcMroatmf  controls  (a  »  4MHN)>  These  results  «fgge$S  that  MIS 
can  suppress  the  growth  of  merpm&ry  tumors  iff  vbm> 

?  spostaws  l  ksrge  f  «rti§e« 

Myfeian  mhMii8|:  stifraiatrarc  (MJ$)  h  it  member  of  she 
TGf?*$  family,  a  da&t  of  molecule-;  that  govern  a  myriad 
of  fidluh?  ;  bidudi&g  gtcsvth.  dHlkrCntsStisSfc,  &&d  &p? i  ■ 

plosU.  %nlk££te  «>f  MIS  rkmmistr&ccs  a  sexually  distMkplhk 
pattern.  u«d  h  psr&du&ed  by  Sertoli  eelb  of  the  fetal  stsid  adult 
cesiis  and  gr&nuk&a  cells  cif  iht  postnatal  ovary,  ki  mak 
embryo^  MlS  c&q$&  jfegr^kfn  of  the  Multerbo  duel,  tf»e 
anlagcr  of  tht  Fallopian  «k^  -uterus.,  and  upf»er  r^glua  (1). 
Hi^vcvcr,  a  pos^d^tal  rtik  ter  MIS  m  m&l&i  and  kmates  has  y el 
£0  he  defined.  -Sig^j&Hng  by  MlSk  prup;ur,tted  by  huuliog 4?f  MIS 
to  ike  MIS  type  H  setepinr.  a  ir-44»m8drhrAA«f  ?,23hte,  tiirtouine 
Idsasc  esptres^d  s&  fskk  levels  In  the  Mulkdoo  duel,,  Serials 
cells,  «nd  ^taius  iofe-a  eeib  of  the  and  ashilt  ^ooasd^  and 

m  the  uterus  {2-4).  The  MlSvboend  tyfre  1.1  jetxplor  s&bse* 
gue«%  rficiuitA  a  type  1  fceepk'r.  Aiftlvift-fiSte  kinase  2  (Al,Kz)? 
A 013,  and  A-LRb  iiavt  been  ln?|:lk-atcd  its  fncdiatkig  MIS 
SsgjRsrtifcg  in  eelb  i5-k}.. 

We  receitUy  the  pfe&enee  of  MIS  teeepkvns 

sft  mamtfsary  tissac  and  breast  ouseer  cell  lines,  s^e&Un|:  that 
the  mutt  maty  &  a  Hkdv  tas&i  for  MIS  (6. 10, 1 !),  ir,  the 
rat  mammary  j^asick  of  ihe  MIS  iype  II  reeeptnr  is 

gai?3>ft'S*eed  during  puberty  when  the  ductal  system  tara^dhes  and 
Evades  the  adipose  »ma  and  during  missive  exparjsinn  at 
pregnancy  and  laetatten,  hut  is  up^egyf-ated  du.ftn.u 
a  time  af  ti^ue  f epefslos!  (11, 12),  Tite  dedme  io’MlS  typ&  11 


icceptor  CAprcsisi^t  during  various  siages  of  pcs^jftaial  ruanirttery 
gjtAVth  suggestesl  a  gtowth-suppresi »jve  role  ter  MIS  m  the 
iiutti^ruery  gland,-  Consistent  wd4  ibis  ermeept,  M  ICS  mhibked  the 
gjerEVth  of  both  Ciiimgen  f  ceepior -positive  and  mcgallve  bxiWVt 
eanefif  cells  1>>r  indoclug  cdl  spoxi  attd  ap^tods  till). 
Moreover,  ftljecdoi:  of  MIS  k<to  female  nike  Induced  apophisk 
in  the  Cpitheliuni  of  rtifcasfsi&ty  tissue  CtuhpuTCsi  sikh  vehicle- 
injected  control  'arrimols  (11). 

To  evateic  whether  MIS  m«v  be  useful  sn  breasi  eanecr 
therapy,,  we  dcierrrimed  wfeesMr  the  growth  inhibitory  efftei  of 
MIS  obseryed  m  vitm  vsmtkl  be  yccupitulated  in  vim.  Atkkptt^ 
the  effect  of  MIS  on  mammary  tumor  models  m  vivr?  Is  eritiesi 
ter  determifcbtg  whether  MIS  could  act  Man  &n.lilunfctf  imjciU  :.n 
a  nwlku  replete  with  severvsl  gieraTh  fa.eiOM  that  jiron^lc.  turner 
.grmvth.  1 1vc  Cr{])T;<g  ttmogeak  m*mt  nusvld  CMrks  the 
silmbn  virus  ^0  |SV40)  large  T  anibjcn  l^reded  tk  dht  epiihdkm 
of  the  mammary  and  prostate  glaads.  Thu  im-nsgemc  female 
soke  sp»}ita.ncfius%  develop  atyphss!  ductal  Jtypcrpljwbi  by  S 
weeks,  nodular  atypical  hvpemlasiis  by  12  weeks,  and  invaske 
esrdnomas  by  lfe  -20  weeks.  Disease  prvjgresskm  in  this  mode! 
occurs  withm  a  relativdy  %br»r?.  period  and  correlates  well  with 
pnu sresstve  stages  of  kuinao  breast  car.ee?  (13).  atul  has  been 
■used  in  several  studies  Wi  testt  sie-vef  iherapcutk  strategies  o;r 
vaxioos;  stages  of  rttantmary  tumor  |if^rcs$30d  (13. 14b 

Tbe  oncogen tc  S V 40  krge  T  ant ige-n-kd ueed  tunsc-rlgcoeyb 
involves  functional  inaeiiv.atkin  of  iht  torrux  suppress!  gcues 
rctinoblMtOJ'ne  (Rh)  and  p$$  (l 5,  14),  an-;!  invasku  Cssrcim'amaS 

uneiog  in  itik  model  ate  csirogen'iiukpCT'derd.  Mutations  in  Rh 
sire  prevalent  in  of  huma.6  breast  eancers  and  p$S  piutH' 
iicm s/alt er at ionS:  are  detested  in  *«$&%  of  primary  humau  bi&ktt 
lUUtnrs  (|!?f  IS},  suggesting  that  bi^Ctiyatie/h  of  litese.  two  turner 
suppressors  maybe  Crrliod  in  bunt&n  b-rCMS  luirmfigenesis.  The 
estrogen  ?ec£pl^*feegai3V£:  human  breast  cancer  edl  line  M1)A- 
MB-444‘  k  Rh  negair.'V,  harbors  tntu^nt  pSS^  ovurexprMSL'S  fbe 
ECtR  n^iptat  {k%,  Sind  is  highly  respmtsive  to  MIS  treatment  m 
'xkri*  |20'!.  il5u;>  testing  tits  efficacy  of  MIS  in  severe,  combined 
imn2u60ilefkie.nl  (SOD)  mkc  beadng  MDA-M!j'44^  tumors 
would  validate  die  atitkumdr  Mudks>  in  the  C3(l  }Tag  model  for. 
spontajietjuy  mammary  eardtuim*.  In  this  study,  m-  cvnluaicil 
wbcshcf  MIS  can  inhibit  iht  grtwcih  of  mamtn^ry  tui&tm  in  the 
0(  lyrag.mode.i  as  well  as  MOA-MB4^-  xenbgraf  ts  established 
in  $OtT  ffliit..  Our  results  demonstrate  that  MIS  suppresses 
ikt  $f0wr&  af  marnmary  tumors  in  vivo  h  both  experimental 
%Ments, 

Methods, 

Ctl!  Ihm,  Rtag^nn,  mtf  Growth  mWhWm  Avs-^y?  Tbc  Mi>  mmm 
cells  established  frdm  C3(i)T^g  rrtke  and  MDA-M1b4-4$  cells 
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were.  grown  ki  DMIiM  «i|?pi£nfc£8S&d  Wiih  Uf?£  female  FB3. 
g3u(^eiHii%.  and  pfididtkn/Sttfisptomyein:.  To  measure  Istiihkion 
of  M&  celt  jarnlife  raiioa  by  M1S»  cells  were  plated  in  it  24-well 
p|;g(e  st  a  density  of  2.SKledK  per  wdl  and  treated  With  1, 5,  and 
KI  pg/ml  of  MlS  for  4  clays.  Cell  number*  were  quantified  l.rv 
using  a  iifimocytmsifiter.  .Recomhioans  human  MIS  was  ihtmu- 
nriarfkjit^porifkd  from  CHO  ec&»  tianslfcettd  with  the  human 
MIS  pmfi  (21)  follow cd  by  desalting  and  COrcenSratkot  by 
centrk&rt  (MlilipOrt)  &*d  qutetifk’isSkmJty  the  IlioRm!  method. 

Antibodies  mil  Western  Blot  Analyses.  The  r&bbU  MIS-  type  II 
see* pa«tr  ant ihody  has  bests  ife-cribed  (22).  Tfcc  »mkSV40  large 
Tiig  ssjsHkxH*  was;  purchased  front  Pharminge'r,,  lutd  the  anti- 
cleaved  CMpi^e-T  antibody  *vt  from  Cell  Signaling  Tedrmol’Ogy. 
Beverly,  MA.  West tnr  &BH$y*s*  vmgierfkrt»cd  m  described  (23)- 

Aohoal  ftudl&L  OfljX^fl  Stitt?,  All  an  kinds  were  cared  for  ted 
experiments  were  perforated  as  The  Wellman  Aoim-M  Facility. 
M&ssadi-uststts  flierscral  ITosjxkssI  tinder  American  Association 
ii'tf  l.a.'hofat.cvfy  Animat  Science  guktclincs  using  gkfouseols  up 
proved  by  the  Review  Bsxsrtl- In$£ kuikisud  Animal 

C#ft&  arid  U&  Commkt&fi  of  the  Massachusetts  General  HcrfpF 
tai .  A  pair  of  young  bttMttggmis  male  and  female  0(1  )Tag  mice 
were  tried  it>  build  a  mouse  fidony,  ’fWfnty  frve  iCl-wfich-ok! 
femak  takst  (em:XKt::,i?  of  seven  separate  inters  borr.  2—3  days 
apart)  were  Mkhdiwdttd  loio  two  groups  u>  receive  PBS  (vehicle 
control,  13  an  bind*)  and  2CI  ftg  Of  MIS  per  adtrti&l  per  day  (12 
antra :ib)  by  i,p.  atjeeiioo*.  Animal*  were  injected  for  5  day*  with 
2  days  of  treatment-free  interval  for  <5  week*.,  Mice  were  mon- 
rlftred  daily  for  evidence  of  lOuddty  and  found  to  be  healthy  and 
active  4isrf&£  the  essire  ccumtc  of  treatment  None  of  slit  artfausfo 
had  externally  visible  fcim»r*  sal  the  commencement  of  treat  ¬ 
ment.  Three  weeks  after  sreatmem  began  palpable  tumors 
emerged  In  *moe anim&k  At  the  ersd of  the  experiment  oeiuwfe 
wttc  killed,  and  iumors  weir  excised,  weighed,  and  snap- frw.en 
or  Iked  f&r  histologic  and  bfoehemk'ul  evaluation. 

MIS  ELISA  (24)  to  determine  MIS  eiir&fin.irasion  in  Mood 
collected  from  hike  at  the  end  of  the  experiment  was  ao&lys&d 
in  duplicate  ai  six  Serial  ddutfoyss  by  using  a  SSandaul  curve 
coo*irufited  wish  fhar-pteainettr  logistic*!  curve  fisting.  Delta- 
Soft  11  (BkiMc.ia1l.let,  fhtaiirm,  NJ).  A$$$y  se&*ii&hy  was  0.5 
ng/m'k&nd  the  sntraassay  sand  mter^ayc-cstftkt&nti  of  variation 
were;  $9»  and  1!H»  respectively.  The  FU$A  -did  ntst  recognize 
titldtobta&g  hormone,  follide -stimulating  ho?m#«£.  act  Ivin,  m- 
hr-bin,  T0F--S,  Of  ho-vine  or  indent  MIS. 

500  #nice.  MDA^MIT&tiS  %£M>£f&iu  WSffi  e^talrlkhtd  by  hiiatcr- 
ally  injecting  4  X  Uf  cells  pet  site  in  gi  of  DMEM  s.c.  into 
the  dorsal  flatsks  of  1 B fi-week-old  female  SOD  mkt  maintained 
sa  the  Bdfevkt  L,  Sttlie  Laboratory  for  Tumor  Biology,  Boston. 
Mice  *****  ear -tagged  to  monitor  the  kinetic*  of  tumor  growth; 
at  tMh  site  .  After  *?4  wcettt  palpable  tumors  were  observed  in 
U  of  KI  unimab.  Some  sieve l<jped  tumors  hilatcruily  (7/10), 
wbe  rtji*  another  bad  just  one  lumat  (1/30).  ilsfi  eight  anknals 
with  palpable  lu.ntors  w«te  dkrded  randomly  ditto  two- treatment 
groups.  Tlsc  FBS -treated  group  had  fssar  iiulmuk,  three  of  whkfe 
had  two  seniors,  and  one  of  which  had  one  tumor.  The  MIS 
treatment  gr^un  had  four  animals,  each  of  which  had  two 
fOfAOft. 

Trcaimeus  <T  both  group*  began  at  the  same  (kmc  .  The  tumor 
volumes  in  the  anlmab  m  the  t\m  groups  were  cornparubk.  Mice 
were  injected  daisy  i.p.  with  PBS  (10H  ^i)  nr  20  }&$  MIS  per 
animal  for  $  «lays  a -week  wills  a  tseatment-ft  efi  kticrval  of  1  day*. 
Tumors  wsne  measured  by  u*3njg  ealdpenv  Just  before  treatment 
began  and  at  regiilur  intervals  ibrotelmut  ihs?  treatment  perkvi.. 
Volume  was  caleulasmi  &$..L  X  (/,,  length:.  W,  width).  Serum 
MIS  eosseenitaiion  was  mca^red  at  the  end  sil  the.  ASpeHmem 
by  MKSfSLISA. 


fA$$  Blfvviwa*  os^llected  bf  eardiae  puncture 

from  PBS*  and  MIS* treated  miee  and  placed  krs  O-ml  micro- 
eentrduge  labev  to  faciitatc  dot  formalism.  ITe  ekst*  were 
eentrifugetl.  and  icnttn  was  rcrn.iy«^d  to  measure  sermn  MIS 
concemradons  as  described  (25). 

S?atl.s?fcal  Analyses.  The  number  &t  measurable  4um0r^  in  each 
group  on  the  la*t  day  cif  treatment  was  compared  by  using 
one  •'Sides!  ThJmjsT  exact  lent.  Differences  west  Cx^nskilured  to  be 

^^rdficarT  when  P  <  t)Mn 

Use  mean  tumor  weight*  m  the  end  or'  ilie  experiment  kPBfv 
sand  MIS- treaters!  C3(l)T;ig;  mkvc  were  compared  by  usbg  the 
Kruska!  ■VVstlib  tcfei,  and  di  Me  re  nee*  wttt  ttxitidtttd  to  be 
signdiciJtnt  when  P  <  ^.BS.. 

Because  cacti  osewse  ks  um  expcrimentrsl  unit  mt*  caleulationx 
baved  on  lusrtor  volume  per  animal.  In  MDA'MB^6H 
tumor dyfiarbg  5CI0  sitksf  tumor  vMumti-  were  ex>nip;trab*u 
ibfitw'ten  sitfi*  aim!  wfitc  summed  to  obtain  sos&t  isimOr  volume 
per  anhnal.  'The  gain  in  tumor  vtilnme  per  mouse.,  ai  the  end!  of 
lit*  experiment.,  was  calculated  m  (tumor  vn!nmcFi?>a  --  tumor 
vc^urft<CBU«*  -r  lumor  volume ?.»?<;,*}.  Miatbitk'^l  ^naly&Js  WM  per • 
formed  by  using  MKHtidod  Students  f  test.  Differences  were 
considered  to  he  si^drfkami.  when  P  <  D.Oi. 

ImmunohssScehemiral  Analyses.  Tissues  were  fixed  in  formalin  and 
embedded  hi  paraffin.  Soeticmv  of  S-p.  dikkneis  Wfise  stained 
with  hem&trwyiin  and  twin.  To  detect  apojko«is.  sections  w‘e*c 
jrsittumost  aim’d  w  ith  Cleaved  Caspase-3  andlxxhv  (Asp-.l  75,  Cell 
Sigmiiicig  Technology)  afifiordii^.  to  dh c  manuksfiiurcf ’s  irulruC- 
liorss.  BtkTb,  Sefith'mi  were  deparafllnificd.  treated  wh.li  citrate 
buffer  <a(  *ukhoils:ig  tempe*aKt?c  m  icsdeve  aastsgen,  &nd  cooled, 
and  peroxkf^sc  qafinch  was  aiMcd.  'f  lic  slides  vstrffi  waxhet;!  and 
blocked,  and  prirnary  antibody  was  added  and  ioeubiticd  over* 
sight.  Alter  washing  three  time*,  slide*  were  incubated  vrilh 
secondary  *mibo%  for  31.1  min.  and  Avhlin  llsotin  solm;km  was 
kidded.  Color  ^ras  developed  with  ^ubKfnse  chronuigcn,  and 
suctions  wfifu  eountefsiaiocd  with  hfiSi;iioxy!in, 

P:ohie^tk?A  is  tumors  was  ^sexied  by  staining  sections  with 
ilifi  proliferating  Cfill  liiidcar  antigen  (1‘CN'A)  sinknkg  kk 
(Zynifidj.  SeedbAS  wtrt  treated  with  hydrogen  peroxsdfi  to 
inhibit  endbgeuoys  pfirOxida^fi.  and  Pridgen  was  retrieved  by 
mk-rowaviug  the  j^fttples  In  ekrate  buffer..  Slide*  were  *idned 
wkh  a  bkflinyjasted  PCKA  mAh  {clonfi  POO)  followed  by 
$m.  pot vidin  'pfiroxidasc  as  a  signal  genfiratof  and  diuminoken' 
zidinfi  as  eh romt'igen .  Section*  were  coonicrstaine-d  with 
hematoxylin. 

Results 

MS  iRhihkv  the  fa  Vlipv?  «f  Cells  Esaaldkhed  fr^rw  Masnmary 
fvmm  .Arising  la  *C?i;i|T.>y  felke,  We  had  demons  rated  thus.  MIS 
inhiMt  s  she  grow  th  of  itte  a.*!  cancer  ofiilsm  %itm  (HI).  ‘To  confirm 
these  observations  m.  vr.v.K.  the  effect;  of  MIS  on  the  growth  of 
mammary  tumors  in  the  Of  1  )T«g  mice  was  tested.  Wdtt-rft  blm 
analysis  of  proteins  fsobted  Irons  mammary  tumors  hi  the 
C3f,T)Tag.  asicxi  dornemsimted  the  exprfissk^.  of  MIS  type  II 
rcficptor.  Tnue  ins.  extracted  from  vector  and  MIS  ?.ype  II  reccp- 
Klf*tranxfecttd  COS  cells  Vrcrc  os^id  as  negative  and  positive 
fimitroh,  respectively  (Hg.  3/1). 

Before  testing  the  effect  of'  MIS  on  mammary  tutiiot  grow! It 
in  vm\  v.-e  ftrst  iktrr  mtOfid  Wktthfir  MIS  fiodd.  biiubiT  the  m  vhm 
grfMth  <d  M6  ctdK  fi^iablislifid  from  0(l)T^g  moose  itiitiors. 
M6  cells  wurfi  treated  wish  1,5.  and  3#  pu/mi  of  MIS  for  A  days, 
$nd  cell  numbers  were  qumiktlfid.  As  shixwn  in  i?is?.  til.  MIS 
inhaled  ite  of  m  cells,  by  $1%,  14%,  and  'W&, 

respcctkcly  (P  <  O.fKfl  ky:  cv^sikkd  Student4*  t  sett),  suggesting 
sfeac  tltfiJc  mammary  tumor  cells  &$&  $£&$><•&$&£  to  the  growth 
inhibitory  effects  of  MIS.  Conskcent  with  this  observation, 
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fig .  1 .  MS  iPhfclN  MB  coll growth  In  vitro.  £A>  W 5  r/pf ”  receptor <ntpr culon 
lnC3| !  }T  a§  mouse  rrarwiary  turret.  TocaI  pfo'.oifi  fr  err,  turners  wart  .m&yrid 
by  Western  blot  UntraralectPd  ard  Mistype  l<‘  recentor  -translottod  COS  colls 
weef  as  negai  vo  and  Dcstul.e  towels,  respectively.  Position  erf  the  MIS 
type  II  Ms:epi<Jr  pfMeirs  Is  frown.  (B}  Equal  numbers  erf  MS  tolls  vw-*e  treated 
wlthi  ftcrezslng  concer-.rartexis  -at  MIS.  The  ntr&er  erf  cells  In  each  well  alter 
A  days  ot  MIS  tretirrcnt  ard  a  representative  view  erf  the  v.ells  '*  show*. 


Slakhtg  lire  tells  few  HCNA  dem  must  rated  nfita.1  MIS  suppressed 
the  proliferation,  of  Mfi  cells  m  culture  (data  not  shown). 

MIS  Inhibits  the  Growth  of  Spontaneously  Arising  Mammary  Tumors 
in  C3[1)Tag  Mice  In  Vivo.  Twft  .groups  <>f  Itl-wCfik-olil  mice  were 
injected  with  either  PBS  Oi  20  fig  of  MIS  daily  for  5  davit  with 
2  days  of  treatment-free  interval  ftirSii.Cyelcs.ilic  PBS-  and  the 
MIS-injected  groups  cnnsisied  of  13  and  12  cniee,  respectively. 
Hxlcrruilfv  palpaMc  tumors  were  not  observed  in  any  of  the 
animats  ill  the  commencement  of  treatment-  One  mouse  ru  the 
MIS  group  was  removed  from  the  experiment  within  a  week  of 
treatment  because  of  a  large  nonmarnmary  tumor,  which  caused 
dwetimfort  to  the  animal.  Kxcept  fur  this  animat,  there  was 
neither  weight  loss  nor  any  other  discernible  adverse  effects  in 
the  animals  within  the  two  groups. 

During  the  course  of  treatment.  10  animats  in  the  PBS-lreated 
group  and  6  animals  m  the  MIS.- injected  group  developed 
externally  palpable  tumors.  Of  the  Hi  animals  that  developed 
palpaMc  tumors  in  the  PBS-iujceied  group,  7  presented  with 
tumors  on  day  2  is,  ]  on  day  32, 1  on  day  37,  and  another  on  day 
42  of  treatment.  At  death,  an  additional  two  animals  rn  this  group 
were  found  10  have  measurable  tumors  in  their  mammary  glariti 
lit  the  MfS- treated  group,  two  animals  presented  with  externally 
palpahte  tun'.OrS  on  day  2-H  of  treatment,  one  presented  On  day 
32,  and  ar.  additional  three  animals  presented  with  tumors  on  day 
42.  Interestingly  the  ummaU  in  this  group,  which  did  not  present 
with  externally  palpable  tumors,  did  not  have  any  large  tumor 
masses  at  death.  These  results  indicate  that  by  42  days  of 
treatment  MIS  exposure  is  associated  with  animals  having  fewer 
palpable  tumors  (E-'ig.  2/1;  f*  <  D.fKft  by  one  -sided  Hishcr’s  !*xact 
test). 

At  the  end  of  ihe  experiment,  animals  were  hilled  and  tumors 
were  excised  and  weighed.  The  tumor  weights  in  the  l'BS-lrcaltd 
control  animals  ranged  from  CUIfi  to  4.63  mg  with  a  mean  tumor 
weight  of  0.71  mg  and  a  median  of  (1.3  IS  mg.  The  tumor  weights 
in  the  MIS- treated  aniimrds  ranged  from  11.07  CO  l).f>5  mg  with  a 
mean  weight  of  tt.16  Rig  and  a  median  of  D.tO  Rig.  'Ihe  lim  es l 
tumor  (0.07  mg)  in  this  group  represents  the  total  weight  of 
RiierOitcdules  of  luntOr  that  could  ikM  be  excised  free  of  norma! 
tissue.  The  mean  tumor  weight  its  animals  was  significantly  lower 
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fig.  2.  MISl/cstiTiffit  h,  assedared with  aricc/cavt-irrtfre rurribe*,ollealp.iKc 
lurnarr  Ir  animals.  (A|  Ten  week. old  CM  I  )Tag  mice  were  Aliened  with  either 
?S5{e-  13Jarl/rSC,i  t  U,  and  arlrotlt  v«vremcoli*'ei3  for  Baln.ible  tumors. 
The  9r4psh  show*  ".he  percentage  of  j'tirnnk  with  mensurable  rumors  In  earh 
group  vs.  me  days  el  tnsutmer.i.  £Vi  the  A?nd  toy  alter  treatmenr.  the  total 
number  of  measura/ble  tufro'S  was  lower  In  the-  MIS  grcuo  compared  with  the 
?3S  group  P  <  O.OS  ky  one  sided  fisher's  E*aei  lest  (SJ  At  the  er.d  ol 
tfw  cxotifYnent,  animals  were  killed,  and  tumors  were  excised  and  we'ghcd. 
me  10010?  weight  in  each  anliral  is  given.  TKM  (tuw  net  measurable] 
represent*  anVuafk  Ip  which  t-umars  coaid  rot  be  detected  try  palpation.  The 
graph  shoos  the  rr.ear,  tame/  weight  •  standard  •error  ir,  the  Pfl  1  and 
MIS  Injected  groans.  IQ  Protein  extracted  from  turners  in  PBS  and  MIS. 
treated  anWiab  wen?  Imrruneb'otterf  with  i<i  anti-SVA'DTjg  aril  body  The 
pcsH  on  cl  theSVrfD  large  T  ar.tlger  is  Shown 


in  the  MIS -created  group  competed  with  controls  (Fig.  2fi;  {*  - 
0.02^1  by  Kruskul -Wallis  tesi).  ‘lUie  stalisLicu!  analysis  was  tc- 
pcaltd  excluding ?he  largest  tumor  (4.627  mg)  present  in  a  mouse 
in  the  BBS -treated  group  anti  indicated  that  the  difference  in 
tumor  weights  between  the  two  groups  was  still  significant  - 
d.Orffi) .  To  ensure  that  the  decrease  in  tumor  growth  in  the 
Mils-  treated  animals  was  not  caused  by  suppression  of  SV40  T 
antigen  in  tumors,  tumor  samples  from  FUS-  and  MIS-treated 
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fig  J.  MU  tfomMSe*  flnrr  i»nr*|K«  jpC»p^J.i  ^rr‘^n‘',T»?‘'V  turrco.  </.)  l  f-;r*1.!*,r«^in  »n«j*  t05.n  yl,j>r(  rig  of  pMp^ib^  rn^-n'nflp/'ti>r-Iprj  ttrij^rl  fron-. 

thc  WlS-  a r.H  flnimab.  HkMcgy  of  n  rcpfCJ'S'vWSivf^itipr VsKsW*!.  I  liyfo'-Dgica!  3ro\‘y;.i<. ihj  nvjmrr.-iry  gl.-ircbof  MlS-t^vaflsi tr.r.f-.  W’hir.h  dlrf 

rot  prwr*  wtH  pjJp*Jb,r  b;imco  1  be  HgHer  magr-bcadon  (-Vir-rld  dp-nrjr.j!;rj»(;  region: of  atypical  Hyperpfriv,*  Wgbf)  3rd  'namrrijry  h»r3*p«*H<*li3l  rroplava 

Clpy^r  fO  PCX'*,  ipijyessvjn  n  turroo  merit'd  ■from  f*fcS-  ant?  f/'S-'Jre.yleij*  trice.  A  frprfWPpitW  iK^nrjr  4rom  -Mth  gro.ip  :5  S-Sown.  <f/|  C*S?9K-I  d<?3van<! 
ir  PCS'  3^  MlSAmuted  iv^rr  16  tf'irf  c)  Tyintvs  Iron-  two  PDS-trWicd  jnimalj.  (3  and  a*  HigHr*  magnificat  on*  of  b  and  e  fr-rci*  pre  *bc*vr  in  *  and  e/, 
rrsprctveV  Afxjwhe.vl!.  jHfsw  Wr s  positive  for  •wispwf-y  deavigr.  i  f  3rd  gl  T urro’i  ftom  t wo  Mt^-Veated  anirpati.  <p  and  b.v  >  iigVr  rvjgnif^alicn!:  of  *' and 
y  fr/jrtf-  are  jfvwn  in  p  and  b.  fwpctlively.  {£)  Protanj paefrarted  from  *&$-  3rd  MIS- treated  tome**  were  anjifyged  by  Wevtfrr  bet  wng  30  .jrrt.hnby  agimsl 
dea'-'ad  c«j?jtcO 

tnitt  were  ansdy/edby  Westetn  Mot.  As  demonstrated  in  Tig.  2C,  ptfKls  compared  with  that  observed  in  PUS-trCatcd  controls, 

MlS  treatment  did  nO<  alter  tl-t:  expression  of  SV*SQ  T  antigen  in  tumors  were  slanted  with  antibodies  against  I'CNA,  a  marker 

tumors.  of  proti  ft  ration,  and  cleave  d  easpase-3,  it  marker  of  early-stage 

apoptosis.  The  extent  <\i  Pt'NA  staining  in  the  mammary 
MIS  Svjiprews  ProIrfpr.itBfto  nnri  lndu<ps  Apnpto-ds  In  Mammary  adenocarcinomas  tesecled  from  PUS- treated  animals  was  utii- 

Tumors  in  V7w.  Both  PBS-  and  MIS- treated  an nnals  with  grossly  form  throughout  the  tumors,  whereas  the  MIS -treated  aide  no - 

palpable  tumors  had  well  developed  invasive  adenocarcinomas  carcinomas  demonstrated  3’CNA'posiBve  regions  interspersed 

(big.  3,-f).  Histological  evaluation  of  tissues  demonstrated  that  with  PC! N A- negative  patches  (Kit*.  3f").  The  nodular  atypical 

tEte  mammary  glands  of  MlS-trChted  animats  that  did  not  have  hyperplasia  and  mammary  intraepithelial  neoplasia  in  the 

externally  palpable  tumors  had  nodular  atypical  hyperplasia  mammary  glands  of  MfS-lrcatcd  mice  also  demonstrated 

and  mammary  intraepithelial  neoplasia,  in  which  neoplastic  patchy  PCNA  staining.  These  rcsulls  indicate  that  mammary 

cells  filled  the  lumens  of  the  dueL,  but  did  not  present  with  tumors  exposed  to  MIS  undergo  less  proliferation  compared 

invasive  carcinomas  {Tig.  30).  To  determine  whether  suppres-  with  those  in  PBS-truated  controls. 

siem/dday  in  mammary  tumors  observed  in  M  IS- treated  mice  islainnig  the  tumors  for  activated  caspasc-3  revealed  a  marked 

was  caused  by  decreased  proliferation  and/or  increased  apo-  increase  in  the  number  of  apoptolic  cell*  in  the  MIS-treated 
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Fig.  4.  MIS  ctecreMM rhe  gf'ov.rrh  ©1  JY3AM8  4€S  wmiy  Ktnografu  etrab 
Ifahod  in  SCO  mice.  (A)  MDA  MB -44 8  I  error  kop.g grabs  vww  established  n 
n-ico.  Animats  wltft  payable surrors  were ireaiod with PBS  (n  -  4;  cr  MIS  [y>  - 
4),  and  tumor  volurnw  were  mtaured  The  grant's  ftnnanstKKfc  charges  in 
total  nmw  volurr-2  In  wth  arMru  •  during  the  rot-«ft  of  treatment  :hc  two 
g*ouos.  The  thick  Tnr  re  preterits  the  rwin  gain  In  turret  volume  and  the 
hatched  line  represent  frit-  trend  ?  ne  tfcrlwd  the  means,  atsjmlrg  that 

tumor  growth.  4  expcr-Mtital.  (SI  The  rates  ot  ruror  grawth  »vHhn  the  two 
groans  were  calculated  based  on  the  equatlcrs  tferked  trom  trend  lines.  10 
The  mean  o'  Ihe  ga!r  In  tumor  volume  In  ea*rti  group  a  standard  error  Is 
showr;  the  gain  in  the  IS  ^treated  groi^o  was  sign  ill  cantly  different  Ircrr.  the 
PBS  trusted  grain  fjP  <  0.005-  bytwo  sided  St-jdorn'c  r  rest). 

tumors,  compared  with  BBS-injcctcd!  control*  (Fig.  V)).  suggest- 
mjg  that  exposure  to  MtS  induces  apoptosis  in  the  mammary 
tumors  hr  im>.  Iliis  idea  Was  also  confirmed  by  imritunohloumg 
tumor  proteins  for  cleaved  Ca4pa;sc-3  (Fig.  3F). 

MIS  Suppresses  M&A-WB-4-G6  Tumor  Growth  fn  SOD  Hike.  The  human 
breast  cancer  cell  line  MDA-MB-46H  is  estrogen  recep'Or- 
negative  and  /(/.'-negative  arid  hartars  niutant/xlf.  MIS  inhibits 
the  growth  of  MDA-MB-46S  cells  in  viim.  'In  validate  and 
confir  m  the  relevance  of  the  results  obtained  ir.  transgenic  mice, 
we  tested  the  growth  inhibitory  effects  of  MIS  on  M15A-MB->16R 
xenografts  established  in  SC1D  mice.  'This  experimental  system 
closely  complements  l!hc  C3(l)Tag  mouse  mammary  tumor 
model  in  which  the  tumors  are  cstrogen-hulepcnder.l  (IS)  and 
arise  because  of  functional  inactivation  of  Rb  and  p53  h<  the 
oncogenic  T  antigen  (IS,  16). 

MDA-MB-46&  xenografts  were  grown  s.e.  and  bilaterally  ir. 
the  dorsal  flunks  of  6-week-old  female  SCID  mice.  After  *'■  4 
w  eeks,  the  eight  animals  with  palpable  tumors  were  randomi/cd 
faito  two  groups  with  four  animals  In  the  Fills  control  group  and 
four  mice  In  the  MIS  treatment  group.  Both  groups  were  Lreaicd 
at  llic  same  lime  with  either  l1  US  or  21)  fig  MIS  per  animal  for 
5  days  a  week  w  iLh  a  treatment -free  interval  of  2  days  for  -1  weeks. 
Volume  was  calculated  as/.  V-  W3  {/.,  length;  By  width)  at  regular 
intervals  (Fig.  4.4).  Analysis  of  the  rate  of  mean  grow  th  during 
the  treatment  demonstrated  that  tumors  in  the  PBS  group  were 
grow  ing  more  rapidly  compared  with  tumors  in  the  MIS-treated 
group  (Fig.  45).  The  gain  in  tumor  volume  over  the  course  of 
treatment  was  calculated  as  volume  at  the  end  of  treatment  - 
volume  at  the  beginning  of  treatment/ volume  at  the  begriming 
of  treatment.  The  PBS  group  had  a  higher  gain  in  tumor  volume 


than  lhc  MIS  group  (Fig.  $(';  F  0.0!!'  by  two-tailed  Student's 
I  test). 

Disc  us  si  cm 

The  presence  of  MIS  in  the  serum  well  after  regression  and 
differentiation  of  the  Mullerian  duet  in  males  and  females, 
respectively.  (24,  26)  suggests  that  MIS  may  haven  postnatal  role 
in  adults.  Moreover,  die  expression  of  MIS  receptors  in  nor.go- 
tiadal  tissues  such  as  the  mammary  and  prostate  glands  (10-12. 

2?)  suggests  additional  functions  for  this  hormone  besides  the 
induction  of  apoptotic  regression  of  the  Mullerian  duct.  We  had 
demonstrated  that  MIS  inhibits  br Cast  Cancer  eelt  grow  th  in  vv.Vw 
by  preventing  Cell  Cycle  progression  and  inducing  apoptosis  (10). 

In  this,  article,  using  two  r.i  m-o  model  systems.  we  demonstrate 
that  administration  of  MIS  suppresses  mammary  tumor  growth 
in  mice.  We  had  previously  injected  a  single  dose  o?  Kill  fig  of 
MIS  into  female  mice  and  tested  the  induction  o?  lEX-l,  a 
MIS- inducible  gene,  in  the  mammary  glands  of  mice.  These 
results  demonstrated  that  MIS  at  this  high  dose  could  induce  the 
expression  of  /FA'-/  (11).  Subsequently.  Stephen  e i  a}.  (2-H), 
tested  the  ellieaey  of  MIS  against  ovarian  cancer  cell  lines  in  w'vyj 
and  reported  that  daily  Injections  of  10  pg  of  purified  exogenous 
recombinant  human  Si  IS  suppressed  tumor  growth  ir:  immune- 
suppressed  mice.  Based  on  these  results  a  comparable  dose  of 
MTS  (20  ,ug  per  animal  per  day)  was  used  in  these  experiments. 

In  the  C3(l)Tag  model,  fewer  animals  in  Hit  MIS -treated 
group  developed  palpable  tumors  efirfijxtred  with  lJBS- injected 
controls.  Although  the  measurable  tumors  in  both  groups  pro¬ 
gressed  10  adenocarcinomas,  histological  analyses  of  tumors 
indicated  that  tumors  hi  the  MIS-treated  group  were  less  dense 
compared  with  those  in  the  I’liS-  t  re  ated  group.  This  observation 
is  ooitstsiciM  with  the  remarkable  increase  In  apoptosis  and 
curtailed  proliferation  hi  MIS-treated  tumors  compared  w  ith  the 
FBS  injected  controls.  The  presence  0?  nodular  atypical  hyper¬ 
plasia  and  mammary  intraepithelial  neoplasia  in  the  MlS  trCatcd 
mice  that  did  riot  present  with  palpable  tumors  suggests  that  MIS 
may  not  block  neoplastic  transformation  by  the  SV4(I  large 
lurnor  antigen  but  suppresses  or  delays  tumor  progression, 
resulting  in  the  Overall  delay  in  Lhc  appearance  of  palpable 
tumors  hi  the  MIS-treated  gruup. 

Tills  concept  is  further  supported  by  the  results  observed  in  the 
MD-MB  -tfkS  xenograft  model,  in  which  administering  MIS  10 
animals  with  established  tumors  decreased  the  rate  of  tumor 
growth  compared  wit  It  vehicle -treated  controls.  Although  the 
mean  tumor  weight  at  the  end  of  the  experiment  was  higher  in 
the  FBS  group  than  in  the  MIS  group  (0.51  v$.  0J3  mg),  this 
difference  was  not  statistically  significant  (f*  -  (1.13  by  two-sided 
Mudenlb;  {  test).  This  finding  was  Surprising  given  that  the  gain 
in  mean  turnor  volume  during  the  course  of  the  experiment  was 
significantly  higher  in  the  BBS-treated  animals  {P  <  (1.0!!-)  than 
in  the  MIS -treated  mice.  However,  this  rcsulL  eciuld  reflect 
variations  in  initial  tumor  weights,  which  could  not  Ik  measured. 

The  abclily  of  MIS  in  inhibit  MDA-MB  -^bS  tumor  grtVWth  in 
S(!JD  mice  is  likely  lo  occur  directly  at  the  cellular  level  because 
HCJDs  harbor  a  rnu  l  at  ion  that  severely  impairs  the  development  ||S 
of  T  and  B  lymphocytes  and  MIS  can  inhibit  MDA-MB-46H  cell  |g  g 
grfxwth  ir.  ri Iro.  AHhuugh  MIS  has  nti  known  immune  modal! a-  3 
lory  effects,  whether  its  inhibitory  effect  cm  mammary  tumors  g 
arising  in  the  iirmnnie-compctenl  transgenic  mouse  model  in-  $5 
voives  enhancement  of  host  immune  fimainn  remains  io  be  1;^ 
determined.  We  recently  demonstrated  dial  MSS  signaling  in¬ 
tersects  with  the  IFN-y  pathway  and  enhances  IFN  y  induced 
expression  of  chvwinstream  target  genes  Such  as  tliF- !  and 
CFCAC.4M3 .  Furthermore,  a  combination  of  MSS  arid  IFN-y  led 
to  a  greater  degree  of  growth  inhibition  of  breast  cancer  celts 
compared  with  either  agent  alone  because  of  enhanced  apOptO- 
Srs  rather  than  a  combinatorial  effect  on  cell  cycle  progression 
{2CI).  The  <!3>(F)Tag  mice  would  provide  an  excellent  experimen- 
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tal  system  confirm  fhesc  nbserva?jfi>ns  in  vivfi  because  regres¬ 
sion  of  mammary  tumors  us  response  to  cytokine  treatment  ir. 
thbi  model  has  been  reported  to  •correlate  with  an  increase  in 
Seram  concentration  of  lEN-y  (14).  Out  preliminary  results 
demonstrate  that  H“N*-y  admin isl ration  to  mice  can  suppress 
mammary  tumor  growth  rr.btfit:  experimental  systems  (data  not 
Shown).  Although  the  antitumor  effect  of  IFN-ycn  v/ra  has  beer, 
well  (Documented,  toxicity  associated  with  exposure  to  ITN-y  has 
diminished  its  utility  in  treatment  (29).  Whether  MIS  may  prove 
to  be  bcr-cfidat  in  harnessing  the  antitumor  effects  of  this 
Cytokine  remains  to  he  determined. 

Our  results  demonstrate  that  MtS  can  suppress  the  growth  of 
spt>ntancous!y  arising,  mo/jse  mammary  tumors  and  established 
human  breast  cancer  xenografts  in  imautuc-compctenl  ar.d 
fan  mane -compromised  mice,  respectively.  These  tumors  are  cs- 
IrOgCn -independent  and  lack  functional  p$3  and  Rb  mutations., 
alterations  «*/f  which  have  been  delected  in  human  brcaSL cancers 
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